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1
PILOT CHECK VALVE

TECHNICAL FIELD

The present invention relates to a pilot check valve having
a residual pressure exhaust function that discharges residual
pressure 1n a fluid pressure device such as a fluid pressure
cylinder.

BACKGROUND ART

A pilot check valve according to the related art has been
known as described 1n Patent Literature 1. The pilot check
valve includes an input port for connecting to a pressure
fluid source, an output port for connecting to a fluid pressure
device such as a fluid pressure cylinder, a main path that
connects the mnput port to the output port, and a check valve
clement that 1s provided 1n the main path, allows a flow of
a fluid from the 1nput port toward the output port, and can
be selectively moved, by supply or discharge of pilot arr,
between a first position where a flow from the output port
toward the input port 1s blocked and a second position where
the flow 1s allowed.

Here, the pilot check valve described 1n Patent Literature
1 1s provided with a residual pressure exhaust unit that can
exhaust a pressure fluid (residual pressure) sealed 1n the flud
pressure device from an exhaust hole to the outside through
a residual pressure exhaust path where necessary, when the
fluid pressure device stops by any cause. The residual
pressure exhaust unit has a valve element that 1s opened/
closed by supply or discharge of pilot air. When pressure of
the pilot air 1s applied, the valve element blocks a flow of a
pressure fluid from the output port toward the exhaust hole
through the residual pressure exhaust path.

However, in a pilot check valve with a residual pressure
exhaust valve according to the related art as described
above, since the residual pressure exhaust path 1s connected
to the main path downstream of the check valve element on
the output port side, 11 a failure occurs 1n the sealing property
by the valve element in the residual pressure exhaust unit, in
case ol an emergency such as stopping of power supply, the
pressure fluid that 1s supposed to be sealed in the fluid
pressure device may be exhausted to the outside from the
exhaust hole through the residual pressure exhaust path. In
such a case, the check function of the check valve element
provided in the main path may be lost.

CITATION LIST

Patent Literature

[PTL 1]: Japanese Unexamined Patent Application Pub-
lication No. 2018-9662

SUMMARY OF INVENTION

Technical Problem

A technical 1ssue of the present imnvention is to provide a
pilot check valve that i1s capable of holding there a pressure
fluid sealed downstream of a check valve element by a check
function of the check valve element in case of an emergency
such as stopping of power supply, even 1f a failure occurs 1n
the sealing property by a valve element 1n a residual pressure
exhaust unit.

Solution to Problem

The present invention provides a pilot check valve includ-
ing a first body that has an input port and an output port, a
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main path that 1s provided in the first body and 1s in
communication with the imput port and the output port, a
check valve element that 1s provided 1n the main path and
allows a flow of a pressure fluid from a first side 1n
communication with the mput port toward a second side 1n
communication with the output port, the check valve ele-
ment being selectively moved, by supply or discharge of a
pilot fluid, to a position where a flow from the output port
toward the input port 1s blocked and a position where the
flow 1s allowed, a residual pressure exhaust path having one
end connected to a connecting portion formed on the {first
side of the main path and another end connected to an
exhaust hole provided and opened on the first body, a seal
portion that 1s provided 1n the residual pressure exhaust path
and blocks a flow of a pressure fluid from the connecting
portion of the main path toward a side of the exhaust hole,
and an operation unit that 1s capable of moving the check
valve element to a position where a flow of a pressure fluid
from the second side toward the first side 1n the main path
1s allowed and moving the seal portion to a position where
the flow of a pressure fluid from the connecting portion of
the main path 1n the residual pressure exhaust path toward
the exhaust hole 1s allowed.

In this case, 1t 1s preferable that the first body extends 1n
an axial direction, 1s formed 1nto a cylindrical shape, and has
a base end and a leading end at both ends i1n the axial
direction, the first body has a through-hole that extends
inside 1n the axial direction, the first body has a first opening
portion that opens 1n a middle portion of the first body in the
axial direction and that 1s 1n communication with the mput
port, and a second opening portion that opens 1n a base end
portion of the first body in the axial direction and that 1s in
communication with the output port, the check valve ele-
ment 1s supported and 1s movable 1n the axial direction 1in a
base end portion 1n the axial direction of the through-hole
extending 1n the axial direction, and the operation unit 1s
accommodated in the through-hole further toward a leading
end side than the check valve element 1n the axial direction
and 1s movable 1n the axial direction.

In addition, 1t 1s preferable that the operation unit 1s a rod
member that extends along the through-hole, the rod mem-
ber has an outer diameter that 1s smaller than an inner
diameter of the through-hole, and the residual pressure
exhaust path 1s formed of a gap formed between an outer
peripheral surface of the rod member and an inner peripheral
surface of the through-hole.

In addition, 1t 1s preferable that the seal portion has a
recessed groove that 1s formed 1nto an annular shape on the
outer peripheral surface of the rod member, and a seal
member that 1s accommodated 1n the recessed groove, and
the seal member 1s a lip-type seal member, the seal member
having a lip portion that 1s formed to be inclined outward in
a radial direction toward a base end side in the axial
direction.

In addition, 1t 1s preferable that a part of the through-hole
in communication with the first opening portion and the
second opening portion forms a part of the main path, the
base end portion 1n the axial direction of the through-hole
extending in the axial direction has a valve seat on which the
check valve element 1s capable of abutting, and the check
valve element 1s capable of moving to a check position
where the check valve element abuts on the valve seat and
blocks a tlow of a pressure fluid from the output port toward
the mput port, and to a first releasing position where the
check valve element moves from the valve seat toward a
base end side in the axial direction and allows the tlow.




US 11,781,663 B2

3

In addition, 1t 1s preferable that the rod member 1s capable
of moving 1n the axial direction 1nside the through-hole by
receiving a force toward a side of the check valve element,
when the seal member 1s moved to a residual pressure
exhaust position in the connecting portion, the flow of a
pressure fluid from the connecting portion of the main path
toward the exhaust hole 1s allowed, when the check valve
clement 1s moved to a second releasing position further
toward a base end side in the axial direction than the first
releasing position, the flow of a pressure fluid from the
second side toward the first side 1n the main path 1s allowed,
the rod member 1s capable of moving the seal member to the
residual pressure exhaust position by moving in the axial
direction, and capable of moving the check valve element to
the second releasing position.

In addition, 1t 1s preferable that the check valve element
1s provided with a first return spring that biases the check
valve element toward a side of the valve seat, and the rod

member 15 provided with a second return spring that biases
the rod member toward a base end side 1n the axial direction.

In addition, it 1s preferable that the through-hole has an
exhaust valve chamber on a leading end side in the axial
direction, the exhaust valve chamber i1s provided with a
piston 1nside the exhaust valve chamber, the piston dividing
the exhaust valve chamber 1nto a pressure chamber and a
discharge chamber and being capable of sliding inside the
through-hole, and the first body has a pilot port that intro-
duces pilot pressure mto the pressure chamber, and the
exhaust hole that 1s located between the seal member and the
piston and 1s 1n communication with the discharge chamber
and an outside.

In addition, 1t 1s preferable that the rod member further
has a piston rod that 1s disposed on a leading end side 1n the
axial direction of the rod member and that 1s provided to be
movable along the through-hole, the piston rod has a base
end portion 1n the axial direction 1nserted and movable 1n the
axial direction with respect to the piston, and when the
piston rod 1s pressed from a third opening portion that opens
at the leading end 1n the axial direction of the first body
toward a base end side 1n the axial direction, the piston rod
1s capable of pressing the rod member to move the rod
member to the base end side 1n the axial direction and
moving the seal member to the residual pressure exhaust
position and capable of moving the check valve element to
the second releasing position.

In addition, 1t 1s preferable that when the axial direction
1s an X-axis direction, a direction orthogonal to the X-axis
direction 1s a Z-axis direction, and a direction orthogonal to
the X-axis direction and the Z-axis direction i1s a Y-axis
direction, the first body extends 1n the X-axis direction, the
first body 1s connected, on a base end side in the X-axis
direction, to a second body that extends in the Z-axis
direction orthogonal to the X-axis direction and that includes
the output port at one end, the first body 1s connected, 1n a
leading end portion 1n the X-axis direction, to a pilot body
that 1s fitted around an outer periphery of the first body to be
rotatable around the X-direction with respect to the first
body, the first body 1s connected to a connecting pipe portion
that 1s fitted around an outer periphery of the first body and
rotatable around the X-axis direction further toward a base
end side 1n the X-axis direction than the pilot body, the
connecting pipe portion 1s connected to an annular body that
1s coupled and rotatable 1n the Y-axis direction orthogonal to
the X-axis direction and the Z-axis direction, and the second
body 1s connected to a cylindrical coupling portion that 1s
fitted to an outer periphery of the second body and rotatable
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in the Z-axis direction and couples a base end portion of the
first body to the second body.

Advantageous Elflects of Invention

According to the present invention, it 1s possible to
provide a pilot check valve that 1s capable of holding there
a pressure fluid sealed downstream of a check valve element
by a check function of the check valve element 1n case of an
emergency such as stopping of power supply, even if a
failure occurs 1n the sealing property by a valve element 1n
a residual pressure exhaust unit.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view of a pilot check valve
according to an embodiment of the present invention.

FIG. 2 1s a side view of the pilot check valve.

FIG. 3 15 a sectional view of the pilot check valve along
line III-III of FIG. 2.

FIG. 4 1s a partial perspective view of a check valve main
body.

FIG. § 1s a partial sectional view of the pilot check valve
in a state where a piston rod 1s pressed by pilot pressure.

FIG. 6 1s a partial sectional view of the pilot check valve
in a state where a pressing operation 1s performed on the
piston rod.

FIG. 7 1s a circuit configuration diagram of an air pressure
circuit using the pilot check valve and illustrates a state
where a pressure tluid 1s blocked.

FIG. 8 15 a circuit configuration diagram when a pressure
fluid 1s supplied and a fluid pressure cylinder 1s extended
from the state 1n FIG. 7.

FIG. 9 15 a circuit configuration diagram when a pressure

fluid 1s supplied and the fluid pressure cylinder 1s contracted
from the state in FIG. 7.

DESCRIPTION OF EMBODIMENTS

Hereinatter, a pilot check valve according to the present
invention will be described. In the present embodiment, a
pilot check valve including three ports of an input port, an
output port, and a pilot port and capable of holding residual
pressure 1n a fluid pressure cylinder will be described. Here,
a case 1n which a pressure flmd flowing through the pilot
check valve 1s compressed air will be described.

FIGS. 1 to 6 illustrate an embodiment of the pilot check
valve according to the present invention. A pilot check valve
10 has an imput port 11 that 1s connected to solenoid
switching valves 72 and 735 (see FIG. 7), an output port 12
that 1s connected to a fluid pressure device such as a fluid
pressure cylinder 80 (see FIG. 7), a main path 13 that
connects the mput port 11 and the output port 12, a check
valve element 14 that 1s provided in the middle of the main
path 13 and allows a flow of a pressure tluid from a first side
in communication with the mput port 11 toward a second
side 1n communication with the output port 12, a residual
pressure exhaust path 15 that 1s provided further toward the
input port 11 side than the check valve element 14, a seal
member 48 that 1s provided on the residual pressure exhaust
path 15 so as to be movable and that blocks a tlow from the
output port 12 side toward the residual pressure exhaust path
15 side, and a pilot port 55 that introduces a pilot fluid.

The output port 12 1s provided at a base end 186 1n a
direction of an axis L1 of a body 18 having a substantially
cylindrical shape elongated along the first axis 1. The body
18 1s provided with an attachment portion 24 that 1s fitted to
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an outer periphery of the body 18 so as to be rotatable around
the axis L1. The attachment portion 24 1s provided with a
connecting pipe portion 23 that projects 1n a direction of a
third axis 1.3 orthogonal to the first axis .1 and a second axis
[.2 described later. The connecting pipe portion 23 is pro-
vided with an annular body 25 that 1s coupled so as to be
rotatable around the axis L3, and the input port 11 1s
provided 1n a leading end portion 1n an extending direction
of the annular body 25. Details of the attachment portion 24,
the connecting pipe portion 23, and the annular body 235 will
be described later.

In addition, a check valve body 20 that has a substantially
cylindrical shape and extends along the second axis L2
orthogonal to the first axis L1 1s aftached to a base end
portion of the body 18. The output port 12 opens 1n one end
portion (lower end portion) 1n a direction of the axis L2 of
a main body 21 (second body) provided inside the check
valve body 20.

In addition, in a middle portion of the body 18 in the
direction of the axis L1, the connecting pipe portion 23 that
1s {itted to an outer periphery of the body 18 1s provided. The
connecting pipe portion 23 1s formed into a cylindrical shape
that projects from a side surface of the body 18 and extends
along the third axis L3 orthogonal to the first and second
axes L1 and L2. The annular body 25 1s attached to the
connecting pipe portion 23, and the mput port 11 1s provided
in a port block 26 that 1s connected to one end portion of the
annular body 25.

The body 18 has a pilot body 28 having a substantially
cylindrical shape, fitted to an outer periphery of a leading
end 18¢q of the body 18, and extending along the first axis 1.
The pilot port 55 1s provided 1n a port block 29 connected to
a port forming portion 28a formed 1n the pilot body 28 and
having a cylindrical shape.

The main path 13 1s formed so as to reach from the input
port 11 to the output port 12 of the main body 21 through the
annular body 25, the connecting pipe portion 23, the nside
of the body 18, and the check valve body 20. The body 18,
the check valve body 20, the connecting pipe portion 23, the
annular body 23, and the pilot body 28 can be formed with
a metal material such as an aluminum alloy, a synthetic resin
material, or the like.

Hereinatiter, a configuration of the pilot check valve 10
will be described 1n further detail. First, the connecting pipe
portion 23 has the attachment portion 24 having a cylindrical
shape formed 1n a base end portion 1n the direction of the
axis .3 of the connecting pipe portion 23. The attachment
portion 24 1s {itted to an outer peripheral surface of the body
18 via two O-rings 24a on an mner surface of the attachment
portion 24 so that the attachment portion 24 and the body 18
are airtightly attached to each other.

The annular body 23 forms an elbow shape and 1s attached
airtightly to the connecting pipe portion 23 provided on a
side surface of the body 18 via an O-ring 25a so as to be
rotatable in forward and reverse directions around the center
axis (the third axis L3) of the connecting pipe portion 23.
The mput port 11 1s formed in the port block 26 attached to
a leading end of the annular body 25. In addition, a second
path hole 2556 1n the annular body 25 1s 1n commumnication
with a connecting hole 23a 1n the connecting pipe portion
23. The center axis of the connecting pipe portion 23, that is,
the third axis L3 1s orthogonal to both of the first axis L1 and
the second axis L2, and the input port 11 opens 1n a direction
orthogonal to the third axis L3.

As an 1nsertion portion 18c¢ at a base end of the body 18
1s 1nserted, via a seal member 31, from an opening end
portion side of the connecting portion 20a that opens on a
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6

side surface of the check valve body 20, the body 18 1s
airtightly attached 1n a state of closing an opening end
portion of the check valve body 20. The body 18 has a
through-hole 184 extending in the direction of the axis L1 in
the body 18.

The check valve body 20 has the main body 21 having a
cylindrical shape whose center axis 1s the second axis .2 and
a cylindrical coupling portion 22 fitted to an outer periphery
of the main body 21. The cylindrical coupling portion 22 1s
fitted to the main body 21 via an O-ring (not illustrated) on
an inner surface of the cylindrical coupling portion 22 so as
to be rotatable with respect to the main body 21, as a result
of which the cylindrical coupling portion 22 1s coupled to the
main body 21 so as to be rotatable in both forward and
reverse directions around the second axis [.2. Therefore, the
body 18, the annular body 25, the pilot body 28, and the like
are rotatable around the second axis 1.2 with respect to the
main body 21.

In the main body 21, at a position of one end portion
(lower end portion) of the second axis L2 of the main body
21, a connecting portion 21a that 1s directly fitted and
connected to an attachment hole of a fluid pressure device 1s
formed, the output port 12 1s formed 1nside the connecting
portion 21a, and a recess and a projection are provided on
an outer periphery of the connecting portion 21a. Note that
the connecting portion 21e¢ may be a male screw, and may
also be configured to be connected to the fluid pressure
device via a pipe. In addition, 1n the main body 21, a second
flow hole 215 extending 1n the direction of the axis L2 from
the output port 12 1s formed, and a plurality of branch holes
21c 1n communication with the second flow hole 215 and
extending in a radial direction 1s also formed. The plurality
of branch holes 21¢ 1s 1n communication with a second
annular path 206 formed between an mner periphery of the
cylindrical coupling portion 22 and an outer periphery of the
main body 21, the second annular path 205 1s in communi-
cation with a third communication hole 20¢ formed in the
cylindrical coupling portion 22 of the check valve body 20.

In the insertion portion 18c, a check valve chamber 33
that 1s a part of the through-hole 184 and extends in the
direction of the axis L1 1s formed. The check valve chamber
33 1s 1n communication with the third communication hole
20c¢ of the check valve body 20. A spring support portion 34
1s 1nserted and attached to a base end portion of the check
valve chamber 33 1n the direction of the axis 1. The spring
support portion 34 1s formed mto a columnar shape, a
communication hole 34a (second opening portion) that
passes through the spring support portion 34 1n the direction
of the axis L1 1s formed 1nside the spring support portion 34,
and a plurality of cut-away holes 3456 provided at an interval
in a circumierential direction 1s formed on an outer periph-
eral portion of the spring support portion 34. In addition, 1n
a base end portion of the spring support portion 34 in the
direction of the axis L1, a step portion 34c¢ projecting
outward in a radial direction and annularly extending 1is
formed, and one end portion of a first return spring 36 abuts
on the step portion 34¢ and 1s locked.

A first annular path 32 (first opening portion) that sur-
rounds the body 18 1s formed between an inner peripheral
surface of the attachment portion 24 of the connecting pipe
portion 23 attached to the body 18 and the outer peripheral
surface of the body 18. The first annular path 32 1s 1n
communication with the connecting hole 23a of the con-
necting pipe portion 23 and 1s also in communication with
a plurality of first communication holes 35 extending 1n a
radial direction i the body 18. The first communication
holes 35 are 1n communication with the check valve cham-
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ber 33 adjacent to a central hole 37 through the central hole
37 (connecting portion) formed 1n a central portion of the
body 18 and extending in the direction of the axis L1. The
central hole 37 forms a part of the through-hole 184. A valve
seat 38 having an annular shape and surrounding the central
hole 37 1s formed on a boundary between the check valve
chamber 33 and the central hole 37.

In the check valve chamber 33, the check valve element
14 1s supported by the first return spring 36 attached between
the check valve element 14 and the spring support portion
34, and thus the check valve element 14 1s provided so as to
be displaceable 1n the direction of the axis LL1. The check
valve element 14 1s formed having a valve plate portion 144
having a disk shape and a projection portion 145 projecting,
from a leading end of the valve plate portion 14a i the
direction of the axis L2. One end portion of the first return
spring 36 1s locked to the spring support portion 34, and
another end portion of the first return spring 36 1s locked to
the projection portion 145. The check valve element 14
opens and closes the main path 13 connecting the imnput port
11 and the output port 12 as the valve plate portion 14a
comes 1nto contact with and 1s separated from the valve seat
38. By the first return spring 36, the check valve element 14
1s always biased toward a check position (see FIG. 3) where
the check valve element 14 1s seated on the valve seat 38.

With respect to a flow 1n a forward direction of a pressure
fluid from the mput port 11 toward the output port 12 side
through the main path 13, the check valve element 14 1s
pushed by this tlow, moves to a {first releasing position P1
(see FIG. 5) where the check valve element 14 1s separated
from the valve seat 38 while compressing the first return
spring 36, and releases the main path 13 to allow the flow of
the pressure flud in the forward direction. On the other
hand, with respect to a flow 1n a reverse direction, which 1s
a flow from the output port 12 toward the 1nput port 11 side,
the check valve element 14 1s pushed by this flow and a
biasing force of the first return spring 36, moves to a check
position P2 (see FIG. 3) where the check valve element 14
1s seated on the valve seat 38, and closes the main path 13
to block the flow of the pressure fluid in the reverse
direction. That 1s, the state of the check valve element 14
described above 1s a state of “function turned on” 1n which
the check valve element 14 can exhibit 1ts original check
function.

In the body 18, a residual pressure exhaust valve hole 42
that 1s a part of the through-hole 184, 1s 1n commumnication
with the central hole 37, and extends toward a base end side
in the direction of the axis L1 1s formed, and in the residual
pressure exhaust valve hole 42, a push rod 45 (operation
unit) 1s accommodated so as to be slidable 1n the direction
of the axis L1. A gap 43 through which air can pass 1s formed
between an outer surface of the push rod 45 and an inner
surface of the residual pressure exhaust valve hole 42, and
the gap 43 forms a residual pressure exhaust path 15
extending in the direction of the axis L1. The residual
pressure e¢xhaust path 15 1s 1n communication with the
central hole 37. That 1s, the residual pressure exhaust path 15
extends from the central hole 37 to the leading end side 1n
the direction of the axis L1.

The push rod 45 has a rod portion 45q and a pressing
portion 4355 having a small-diameter shait shape and extend-
ing from a base end in the direction of the axis L1 of the rod
portion 45a, and a leading end of the pressing portion 435
taces the check valve element 14 in the central hole 37. A
ring groove 43d (seal portion) 1s formed into an annular
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shape 1n a leading end portion of the rod portion 45a, and a
seal member 48 (seal portion) 1s accommodated in the ring
groove 45d.

The seal member 48 1s formed mto an annular shape and
has a lip portion 48a that 1s inclined outward 1n a radial
direction toward the leading end side 1n the direction of the
axis L1. A leading end portion of the lip portion 48a 1is
pressed against an mner surface of the residual pressure
exhaust valve hole 42, closes the residual pressure exhaust
path 15, and blocks a flow of a pressure fluid from the
leading end side to the base end side 1n the direction of the
axis [L1. That 1s, 1n a state where the seal member 48 1s
pressed against the inner surface of the residual pressure
exhaust valve hole 42, the residual pressure exhaust path 15
1s blocked. When the seal member 48 1s displaced as the
push rod 45 moves toward the base end side 1n the axis
direction and the seal member 48 moves to a residual
pressure exhaust position P3 where the central hole 37 1s
located, the lip portion 48a 1s separated from a base end 1n
the axis direction of the residual pressure exhaust valve hole
42 and opens the residual pressure exhaust path 15. At the
same time, the lip portion 48a 1s accommodated 1n the
central hole 37 in a state where a tflow of the pressure fluid
1s possible without closing the central hole 37 (see FIG. 5).

A flange portion 45¢ projecting outward in a radial
direction and having an annular shape 1s formed 1n a leading
end portion 1n the direction of the axis L1 of the rod portion
435a of the push rod 45. In addition, a spring accommodating
groove 42a having an inner diameter larger than the outer
diameter of the rod portion 45a 1s formed on a leading end
side 1n the direction of the axis L1 of the residual pressure
exhaust valve hole 42, and a step portion 426 extending 1n
a radial direction and having an annular shape 1s formed at
a base end 1n the direction of the axis L1 of the spring
accommodating groove 42q. In addition, a second return
spring 30, which 1s a compression coil spring, 1s provided
between the flange portion 45¢ and the step portion 4256 of
the spring accommodating groove 42a 1n a state where the
rod portion 45q 1s inserted into the second return spring 50
and the second return spring 350 1s accommodated 1n the
spring accommodating groove 42a. By the second return
spring 50, the push rod 45 1s always biased toward the
leading end side 1n the direction of the axis 1. Note that an
outer diameter of the flange portion 45¢ 1s slightly smaller
than an iner diameter of the spring accommodating groove
42a. Accordingly, the flange portion 45¢ can move 1nside the
spring accommodating groove 42a in the direction of the
axis L1.

The pilot body 28 attached to a leading end portion of the
body 18 has an attachment portion 2856 having a cylindrical
shape and attached to an outer peripheral surface of a base
end portion of the body 18, and a port forming portion 28a
having an annular shape and projecting from a side surface
of the attachment portion 28b. By fitting a locking step
portion having an annular shape formed 1n the leading end
portion of the body 18 into a recessed groove annularly
shaped on an imner peripheral surface of the attachment
portion 28b, the pilot body 28 1s attached so as to be
prevented from coming off the body 18 and rotatable around
the axis L1.

In the mner peripheral surface of the attachment portion
28b, a residual pressure exhaust communication hole 28¢ 1n
communication with the residual pressure exhaust valve
hole 42 1s formed 1n the direction of the axis 1. An inner
diameter of the residual pressure exhaust communication
hole 28c¢ 1s larger than that of the residual pressure exhaust
valve hole 42, and an exhaust valve chamber 30 1s formed
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inside the residual pressure exhaust communication hole
28¢. In the exhaust valve chamber 30, a piston 51 that
divides the exhaust valve chamber 30 1nto a pressure cham-
ber 30a and an exhaust chamber 306 and that 1s capable of
sliding 1n the direction of the axis L1 inside the residual
pressure exhaust communication hole 28c¢ 1s provided. A gap
through which air can pass 1s formed between an outer
surface of the piston 51 on an outer side 1n a radial direction
and an inner surface of the residual pressure exhaust com-
munication hole 28¢. The gap forms the residual pressure
exhaust path 15 (see FIG. 5) extending 1n the direction of the
axis L1. The residual pressure exhaust path 15 1s 1n com-
munication with the pressure chamber 30a and the exhaust
chamber 305.

A recessed groove having an annular shape extending in
a circumierential direction 1s formed on an outer peripheral
surface of the piston 51, and a seal member 53 that seals a
space between the outer peripheral surface of the piston 51
and an mnner peripheral surface of the residual pressure
exhaust communication hole 28C 1s attached inside the
recessed groove. The seal member 53 has a lip-type structure
similar to the seal member 48 described above, but differs in
the direction of the lip portion 48a. A lip portion 33a of the
seal member 53 i1s inclined outward 1n a radial direction
toward the leading end side 1n the direction of the axis L1.
As a result, the lip portion 53a allows a flow of a pressure
fluid from the base end side toward the leading end side 1n
the direction of the axis L1 while blocking a flow of a
pressure tluid from the leading end side to the base end side
in the direction of the axis L1.

A recessed groove S1a that 1s recessed toward the leading
end side 1s formed 1n a base end portion of the piston 51, and
the tlange portion 45¢ of the push rod 45 1s accommodated
in the recessed groove 3la 1n a state of abutting on the
recessed groove 51a. The depth of the recessed groove 51a
1s substantially the same as the thickness of the flange
portion 45¢. A base end surface of the piston 51 1s formed
into an annular shape around the axis L1 and extends in a
direction orthogonal to the direction of the axis L1. When
the base end surface of the piston 51 abuts on a leading end
surface of the body 18, these surfaces abut on each other so
that a space therebetween becomes airtight, thereby block-
ing the residual pressure exhaust path 15. Therefore, a
cut-away hole 19 illustrated 1n FIG. 4 1s provided in the
leading end portion of the body 18. With the cut-away hole
19, the residual pressure exhaust path 15 can be brought into
a communication state even when the base end surface of the
piston 51 abuts on the leading end surface of the body 18.

In a central portion of the piston 31, a through-hole 515
that passes through the piston 51 in the direction of the axis
L1 1s provided. By fitting a base end portion of the piston rod
54 1nto the through-hole 515 via an O-rmg 54a attached to
the base end portion of the plston rod 54 1n the direction of
the axis L1, the piston rod 54 1s airtightly attached to the
tdrough hole 5156 of the piston 51. Note that the piston rod
54 1s fitted to the through-hole 515 of the piston 51 so as to
be slidable 1n the direction of the axis L1 (see FIG. 5).

A cover member 60 having a cylindrical shape 1s attached
to the residual pressure exhaust communication hole 28¢ on
a leading end side of the attachment portion 28b6. The cover
member 60 1s 1nserted from an opening portion 28e (third
opening portion) that opens at a leading end of the residual
pressure exhaust communication hole 28¢ 1n the axis direc-
tion and 1s fitted to the residual pressure exhaust commu-
nication hole 28¢ via an O-ring 61 attached to a base end
portion in the direction of the axis L1 of the cover member
60, as a result of which the cover member 60 1s airtightly
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attached to the residual pressure exhaust communication
hole 28c¢. In addition, a plurality of step portions 1s formed
on an outer peripheral surface of the cover member 60. As
the step portions are caused to abut on engagement steps
formed on an inner surface of the residual pressure exhaust
communication hole 28¢, the cover member 60 1s attached
to the attachment portion 285 1n a state where the position
ol the cover member 60 1s determined in the direction of the
axis L1. Moreover, as locking projections formed on the
outer peripheral surface of the cover member 60 are caused
to be engaged with engagement recessed portions formed on
the inner surface of the residual pressure exhaust commu-
nication hole 28¢, the cover member 60 1s attached to the
attachment portion 285 1n a state W here the cover member 60
can be prevented from coming ofl.

The port forming portion 28a formed on a side surface of
the attachment portion 285 1s formed into a cylindrical shape
extending 1n a direction orthogonal to the axis L1, and the
pilot port 55 1s formed 1n the port block 29 1nserted into an
opening portion on one end side of the port forming portion
28a. A commumnication hole 284 i1s formed in a bottom
portion of the port forming portion 28a, and the communi-
cation hole 284 i1s in communication with the pressure
chamber 30q. The communication hole 284 i1s an orifice
whose cross-sectional area 1s decreased, and pilot pressure to
be introduced into the pressure chamber 30a can be
increased.

In addition, an exhaust hole 56 1n communication with the
exhaust chamber 305 1s formed 1n the attachment portion
28b. The exhaust hole 56 discharges air in the exhaust
chamber 3056 to the outside as the piston 531 moves toward
the leading end side 1n the direction of the axis L1, and at the
same time, the exhaust hole 56 can discharge residual
pressure 1n a fluid pressure cylinder 80 (see FIG. 7), as will
be described 1n detail later.

In the pilot check valve 10 configured as described above,
when a pilot flud 1s introduced from the pilot port 55 to the
pressure chamber 30qa, the piston 31 is pressed toward the
base end side 1n the direction of the axis L1, the push rod 45
1s moved toward the base end side against the bias of the
second return spring 50, and in addition, a leading end
portion of the push rod 45 abuts on the check valve element
14, and the valve element 14 1s moved toward the base end
side 1n the direction of the axis L1 against the bias of the first
return spring 36. Note that in this state, the seal member 48
1s located further toward the base end side 1n the direction of
the axis L1 than the central hole 37 and closes the residual
pressure exhaust path 15. Accordingly, since the check valve
clement 14 1s separated from the valve seat 38 and releases
the main path 13, a flow of a pressure tluid from the input
port 11 toward the output port 12 side 1s allowed.

Next, a fluid pressure circuit 1n a case where a fluid
pressure device (the tluid pressure cylinder 80) 1s controlled
using the pilot check valve 10 will be described.

FIG. 7 illustrates an example of a tfluid pressure circuit 1n
a case where the fluid pressure cylinder 80, which 1s an
example of a fluid pressure device, 1s controlled. The fluid
pressure circuit supplies a pressure fluid discharged from a
pressure tluid source 71 to the two solenoid switching valves
72 and 75, and pilot check valves 10a and 106 are connected
between the fluid pressure cylinder 80 and the two solenoid
switching valves 72 and 75, respectively. The two pilot
check valves 10aq and 106 have the same configuration. In
addition, one of the two solenoid switching valves 72 and 75
1s the direction switching solenoid valve 72 that switches an
expansion direction of the fluid pressure cylinder 80, and the
other 1s the pilot pressure supply solenoid valve 75 that
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supplies pilot pressure to the pilot check valves 10a and 10b.
The direction switching solenoid valve 72 1s a three-position
five-port type switching valve. The pilot pressure supply
solenoid valve 75 1s a two-position five-port type switching
valve. The solenoid valves 72 and 75 have a detent function 5
capable of holding switching positions (101, 102, and 201).

Hereinafter, the fluid pressure circuit will be described in
turther detail. FIGS. 1 to 6 are referred to for specific
configurations of the symbolized two pilot check valves 10a
and 10b. 10

As 1llustrated 1n FIG. 7, input ports P of the direction
switching solenoid valve 72 and the pilot pressure supply
solenoid valve 75 are connected to the pressure fluid source
71 through a supply path 73. A first output port Al of the
direction switching solenoid valve 72 1s connected to the 15
input port 11 of the first pilot check valve 10a through a first
output path 74, and a second output port A2 of the direction
switching solenoid valve 72 1s connected to the mput port 11
of the second pilot check valve 105 through a second output
path 76. In addition, the output port 12 of the first pilot check 20
valve 10a 1s connected to a head-side port 83 of the fluid
pressure cylinder 80 through a first communication path 77,
and the output port 12 of the second pilot check valve 1056
1s connected to a rod-side port 82 of the fluid pressure
cylinder 80 through a second communication path 84. 25

Moreover, the pilot port 55 of the first pilot check valve
10a 1s connected to a first output port B1 of the pilot pressure
supply solenoid valve 75 through a first pilot supply path 86,
and the pilot port 55 of the second pilot check valve 1056 1s
connected to the first output port B1 through a second pilot 30
supply path 87 and the first pilot supply path 86. The second
pilot supply path 87 branches off from the first pilot supply
path 86 and 1s connected to the pilot port 55 of the second
pilot check valve 105.

The fluid pressure circuit illustrated 1n FIG. 7 indicates a 35
state 1n which since the pressure fluid source 71 1s blocked
from the fluid pressure circuit, a pressure fluid 1s not
supplied, the direction switching solenoid valve 72 1s
located at an 1nitial position that holds a neutral position 100,
and the pilot pressure supply solenoid valve 73 1s located at 40
an 1nitial position that holds a first switching position 200
where pilot pressure 1s not supplied. At this time, since pilot
fluid 1s not supplied, the check valve elements 14 of both of
the first pilot check valve 10aq and the second pilot check
valve 105 are 1n the state of “function turned on” 1n which 45
the check valve elements 14 can exhibit the check function,
and the seal member 48 closes the residual pressure exhaust
path 15 (see FIG. 3). Accordingly, since the main path 13 1s
closed by the check valve elements 14 of the first pilot check
valve 10a and the second pilot check valve 105, pressure 50
fluids 1n a head-side pressure chamber 88 and a rod-side
pressure chamber 89 of the fluid pressure cylinder 80 are
sealed as they are.

From the state described above, as illustrated in FIG. 8,
when the pressure fluid source 71 1s connected to the fluid 55
pressure circuit, and the direction switching solenoid valve
72 1s switched to a first switching position 101 after a first
solenoid 72a of the direction switching solenoid valve 72 1s
excited, a pressure fluid from the pressure tluid source 71 1s
supplied to the input port P of the direction switching 60
solenoid valve 72 through the supply path 73, and, at the
same time, 1s supplied to the mput port 11 of the first pilot
check valve 10q through the first output path 74.

In addition, when the pressure fluid source 71 1s con-
nected to the fluid pressure circuit, and the pilot pressure 65
supply solenoid valve 75 1s switched to a second switching
position 201 after a first solenoid 75a of the pilot pressure
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supply solenoid valve 75 1s excited, a pressure fluid from the
pressure tluid source 71 1s supplied to the imput port P of the
pilot pressure supply solenoid valve 75 through the supply
path 73 and 1s supplied to the pilot port 55 of the first pilot
check valve 10a through the first pilot supply path 86.
Accordingly, the ﬁrst pilot check valve 10a enters a state of
“function turned ol 1n which the first pilot check valve 10q
introduces a pilot fluid from the pilot port 55 into the
pressure chamber 30a, moves the push rod 45 via the piston
51, and opens the main path 13 by the check valve element
14 (see FIG. 5).

As aresult, the pressure fluid supplied to the mput port 11
of the first pilot check valve 10a 1s discharged from the
output port 12 through the main path 13 of the first pilot
check valve 10a and introduced 1nto the head-side pressure
chamber 88 of the fluid pressure cylinder 80.

On the other hand, 1n the second pilot check valve 105, as
a pilot fluid 1s supplied to the pilot port 55 from the first pilot
supply path 86 through the second pilot supply path 87, the
second pilot check valve 106 enters the state of “function
turned o, and the main path 13 1s opened. Accordingly, the
pressure fluid in the rod-side pressure chamber 89 of the
fluid pressure cylinder 80 1s discharged to the outside
through the second communication path 84, the output port
12 of the second pilot check valve 105, the main path 13, the
input port 11, the second output path 76, and the direction
switching solenoid valve 72. As a result, the tluid pressure
cylinder 80 extends as illustrated 1n FIG. 8.

Next, for holding the extended state of the fluid pressure
cylinder 80, as 1llustrated in FIG. 7, the direction switching
solenoid valve 72 1s switched to the neutral position 100, and
the pilot pressure supply solenoid valve 75 1s also switched
to the first switching position 200. When the direction
switching solenoid valve 72 1s switched to the neutral
position 100 and the pilot pressure supply solenoid valve 75
1s also switched to the first switching position 200, the check
valve element 14 of the first pilot check valve 10a 1s pushed
by a pressure fluid that 1s trying to flow 1n a reverse direction
and a return movement of the first return spring 36 and thus
1s seated on the valve seat 38, and closes the main path 13
so as to exhibit the check function. Therefore, the pressure
fluid 1n the head-side pressure chamber 88 of the fluid
pressure cylinder 80 1s sealed in the head-side pressure
chamber 88 as it 1s. In addition, the pressure fluid in the
rod-side pressure chamber 89 of the fluid pressure cylinder
80 15 also sealed 1n the rod-side pressure chamber 89 as it is.
Therefore, the fluid pressure cylinder 80 1s held at the
extended position.

In addition, for contracting the tluid pressure cylinder 80,
as 1llustrated in FIG. 9, a second solenoid 726 of the
direction switching solenoid valve 72 i1s excited so as to
switch the direction switching solenoid valve 72 to the
second switching position 102, and the first solenoid 75a of
the pilot pressure supply solenoid valve 75 1s also excited so
as to switch the pilot pressure supply solenoid valve 75 to
the second switching position 201. As a result, actions of the
first pilot check valve 10a and the second pilot check valve
105 are mutually reversed from the case of extending the
fluid pressure cylinder 80, a pressure fluid 1s supplied from
the direction switching solenoid valve 72 to the rod-side
pressure chamber 89 of the fluid pressure cylinder 80
through the second pilot check valve 105, and at the same
time, the pressure fluid 1n the head-side pressure chamber 88
1s discharged from the first pilot check valve 10a through a
first discharge port El1 of the direction switching solenoid
valve 72, and the fluid pressure cylinder 80 1s contracted and
returns to the mitial position.
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The above description 1s an example of a case where the
fluid pressure circuit normally operates. However, 1n an
abnormal situation such as a case in which the fluid pressure
cylinder 80 1s extended as in FIG. 8, power feeding to the
direction switching solenoid valve 72 and the pilot pressure
supply solenoid valve 75 is interrupted, and a failure occurs
in the seal property of the seal member 48 of the first pilot
check valve 10a, thereby losing the check function, supply
of a pilot fluud from the pilot port 35 1s stopped, and
introduction of a compressed fluid from the mput port 11 1s
also stopped. Therefore, the push rod 45 moves toward the
leading end side 1n the direction of the axis L1 by a return
movement of the second return spring 50 and the pressure
fluid flowing through the residual pressure exhaust path 15.

As a result, since the push rod 45 1s moved toward the
leading end side in the direction of the axis L1, the check
valve element 14 illustrated 1n FI1G. 3 1s pushed by a pressure
fluid trying to flow 1n a reverse direction and a return
movement of the first return spring 36 and 1s seated on the
valve seat 38, and enters the state of “function turned on” 1n
which the check valve element 14 closes the main path 13
and exhibits the check function. As a result, the pressure
fluid 1n the head-side pressure chamber 88 of the fluid

pressure cylinder 80 can be sealed 1n the head-side pressure
chamber 88 as 1t 1s.

On the other hand, since the second pilot check valve 105
1s also 1n a state where power feeding 1s interrupted, no pilot
fluid 1s supplied. Therefore, since the push rod 45 1s pressed
by a return movement of the second return spring 50 and 1s
moved toward the leading end side 1n the direction of the
axis [.1, the check valve element 14 illustrated in FIG. 3 1s
pushed by a pressure fluid trying to flow 1 a reverse
direction and a return movement of the first return spring 36
and 1s seated on the valve seat 38, and enters the state of
“function turned on” in which the check valve element 14
closes the main path 13 and exhibits the check function.
Theretore, the pressure fluid 1n the rod-side pressure cham-
ber 89 of the fluid pressure cylinder 80 can be sealed 1n the
rod-side pressure chamber 89 as it 1s.

As a result, since the fluid pressure cylinder 80 1s main-
tained at the extended position, malfunction of the fluid
pressure device connected to the fluid pressure cylinder 80
can be prevented. Note that even when a failure occurs 1n the
sealing property of the seal member 48 of the second pilot
check valve 105, or when a failure occurs 1n the sealing
property of each of the seal members 48 of both of the first
and second pilot check valve 10aq and 105, since the case 1n
which the seal member 48 of the first pilot check valve 10a
1s damaged as described above applies, the description
thereol will be omuitted.

In this manner, since the pilot check valves 10a and 105
of the present embodiment are configured to exhibit the
check function 1n which the check valve element 14 closes
the main path 13 in case of an emergency such as stopping
of power supply to the direction switching solenoid valve 72
and the pilot pressure supply solenoid valve 75 even when
a Tailure occurs 1n the sealing property by the seal member
48, pressure flud (residual pressure) 1s able to be held as 1t
1s 1n each of the head-side and rod-side pressure chambers
88 and 89 of the fluid pressure cylinder 80.

Here, when 1t 1s desired to exhaust the residual pressure
held 1n the fluid pressure cylinder 80 from the fluid pressure
cylinder 80, 1n a state where the direction switching solenoid
valve 72 1s switched to the neutral position 100 and the pilot
pressure supply solenoid valve 75 1s switched to the first
switching position 200, as illustrated in FIG. 5, each piston
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rod 54 of the pilot check valves 10a and 105 shall be pressed
toward the base end side 1n the direction of the axis L1.

After the piston rod 54 1s pressed, as illustrated in FIG. 6,
the piston rod 54 moves toward the base end side in the
direction of the axis L1, and the piston 31 and the push rod
435 also move toward the base end side in the direction of the
axis L1. Then, the piston 51 abuts on the leading end portion
of the body 18 1n the axis direction and 1s prevented from
moving. In addition, the push rod 45 moves toward the base
end side 1n the direction of the axis L1 with respect to the
piston 51 and moves the check valve element 14, via the
push rod 45, to a second releasing position P4 located further
toward the base end side 1n the direction of the axis L1 than
the first releasing position P1. In addition, at the same time,
the seal member 48 moves to the central hole 37. As a result,
while the check valve element 14 1s separated from the valve
seat 38 and releases the main path 13, the seal member 48
releases the residual pressure exhaust path 15. Therelore,
since the output port 12 1s 1n communication with the pilot
port 55 and the exhaust hole 56 through the main path 13 and
the residual pressure exhaust path 15, the residual pressure
in the head-side pressure chamber 88 of the tluid pressure
cylinder 80 can be discharged to the outside through the first
pilot check valve 10q. In addition, in the same manner as
described above, the residual pressure in the rod-side pres-
sure chamber 89 of the fluid pressure cylinder 80 can be
discharged to the outside through the second pilot check
valve 10b.

Note that in the pilot check valve 10 according to the
present embodiment, the pilot body 28 having the pilot port
55 1s rotatable around the axis L1 (X-axis) with respect to
the body 18, the connecting pipe portion 23 is rotatable
around the axis L1 with respect to the body 18, the annular
body 23 1s rotatable around the axis L3 (Y-axis) with respect
to the connecting pipe portion 23, and the cylindrical cou-
pling portion 22 1s rotatable around the axis L2 (Z-axis) with
respect to the main body 21. Therefore, the degree of
freedom of arrangement directions of pipes to be connected
to ports connected to these bodies can be enhanced.

REFERENCE SIGNS LIST
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11 Input Port

12 Output Port
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50 Second Return Spring
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56 Exhaust Hole
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P1 First Releasing Position

P2 Check Position

P3 Residual Pressure Exhaust Position

P4 Second Releasing Position

The invention claimed 1s:

1. A pilot check valve comprising:

a first body that has an 1nput port and an output port;

a main path that 1s provided in the first body and is in
communication with the input port and the output port;

a check valve element that 1s provided in the main path
and allows a flow of a pressure fluid from a first side 1n
communication with the mmput port toward a second
side 1n communication with the output port, the check
valve element being selectively moved, by supply or
discharge of a pilot fluid, to a position where a flow
from the output port toward the nput port 1s blocked
and a position where the tlow 1s allowed;

a residual pressure exhaust path having one end connected
to a connecting portion formed on the first side of the
main path and another end connected to an exhaust hole
provided and opened on the first body;

a seal portion that 1s provided in the residual pressure
exhaust path and blocks a flow of a pressure fluid from
the connecting portion of the main path toward a side
of the exhaust hole; and

an operation unit that 1s capable of moving the check
valve element to a position where a tlow of a pressure
fluid from the second side toward the first side 1n the
main path 1s allowed and moving the seal portion to a
position where the flow of a pressure fluid from the
connecting portion of the main path in the residual
pressure exhaust path toward the exhaust hole 1s
allowed.

2. The pilot check valve according to claim 1, wherein

the first body extends 1n an axial direction, 1s formed 1nto
a cylindrical shape, and has a base end and a leading
end at both ends 1n the axial direction,

the first body has a through-hole that extends 1nside 1n the
axial direction,

the first body has a first opening portion that opens 1n a
middle portion of the first body 1n the axial direction
and that 1s in communication with the input port, and a
second opening portion that opens 1n a base end portion
of the first body i1n the axial direction and that 1s 1n
communication with the output port,

the check valve element 1s supported and 1s movable 1n
the axial direction in a base end portion 1n the axial
direction of the through-hole extending in the axial
direction, and

the operation unit 1s accommodated 1n the through-hole
turther toward a leading end side than the check valve
clement 1n the axial direction and 1s movable 1n the
axial direction.

3. The pilot check valve according to claim 2, wherein

the operation unit 1s a rod member that extends along the
through-hole,

the rod member has an outer diameter that 1s smaller than
an iner diameter of the through-hole, and

the residual pressure exhaust path 1s formed of a gap
formed between an outer peripheral surface of the rod
member and an mnner peripheral surface of the through-
hole.

4. The pilot check valve according to claim 3, wherein

the seal portion has a recessed groove that 1s formed 1nto
an annular shape on the outer peripheral surface of the
rod member, and a seal member that 1s accommodated
in the recessed groove, and
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the seal member 1s a lip-type seal member, the seal
member having a lip portion that 1s formed to be
inclined outward 1n a radial direction toward a base end
side 1n the axial direction.

5. The pilot check valve according to claim 4, wherein

a part of the through-hole 1n communication with the first
opening portion and the second opening portion forms
a part of the main path,

the base end portion 1n the axial direction of the through-
hole extending 1n the axial direction has a valve seat on
which the check valve element 1s capable of abutting,
and

the check valve element 1s capable of moving to a check
position where the check valve element abuts on the
valve seat and blocks a flow of a pressure fluid from the
output port toward the input port, and to a first releasing
position where the check valve element moves from the
valve seat toward a base end side 1n the axial direction
and allows the flow.

6. The pilot check valve according to claim 5, wherein

the rod member 1s capable of moving in the axial direction
inside the through-hole by receiving a force toward a
side of the check valve element,

when the seal member 1s moved to a residual pressure
exhaust position 1n the connecting portion, the flow of
a pressure fluid from the connecting portion of the main
path toward the exhaust hole 1s allowed.,

when the check valve element 1s moved to a second
releasing position further toward a base end side 1n the
axial direction than the first releasing position, the tlow
of a pressure flumid from the second side toward the first
side 1n the main path 1s allowed,

the rod member 1s capable of moving the seal member to
the residual pressure exhaust position by moving 1n the
axial direction, and capable of moving the check valve
clement to the second releasing position.

7. The pilot check valve according to claim 6, wherein

the check valve element i1s provided with a first return
spring that biases the check valve element toward a side
of the valve seat, and

the rod member 1s provided with a second return spring
that biases the rod member toward a leading end side 1n
the axial direction.

8. The pilot check valve according to claim 6, wherein

the through-hole has an exhaust valve chamber on a
leading end side 1n the axial direction,

the exhaust valve chamber 1s provided with a piston 1nside
the exhaust valve chamber, the piston dividing the
exhaust valve chamber 1nto a pressure chamber and a
discharge chamber and being capable of sliding 1nside
the through-hole, and

the first body has a pilot port that introduces pilot pressure
into the pressure chamber, and the exhaust hole that 1s
located between the seal member and the piston and 1s
in communication with the discharge chamber and an
outside.

9. The pilot check valve according to claim 8, wherein

the rod member further has a piston rod that 1s disposed
on a leading end side 1n the axial direction of the rod
member and that 1s provided to be movable along the
through-hole,

the piston rod has a base end portion in the axial direction
inserted and movable 1n the axial direction with respect
to the piston, and

when the piston rod 1s pressed from a third opening
portion that opens at the leading end 1n the axial
direction of the first body toward a base end side 1n the
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axial direction, the piston rod 1s capable of pressing the
rod member to move the rod member to the base end
side 1n the axial direction and moving the seal member
to the residual pressure exhaust position and capable of
moving the check valve element to the second releasing
position.

10. The pilot check valve according to claim 2, wherein

when the axial direction 1s an X-axis direction, a direction
orthogonal to the X-axis direction 1s a Z-axis direction,
and a direction orthogonal to the X-axis direction and
the Z-axis direction 1s a Y-axis direction,

the first body extends 1n the X-axis direction,

the first body 1s connected, on a base end side in the
X-axis direction, to a second body that extends 1n the
/-axis direction orthogonal to the X-axis direction and
that includes the output port at one end,

the first body 1s connected, 1n a leading end portion in the

X-axis direction, to a pilot body that 1s fitted around an

10
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outer periphery of the first body to be rotatable around
the X-direction with respect to the first body,

the first body 1s connected to a connecting pipe portion
that 1s fitted around an outer periphery of the first body
and rotatable around the X-axis direction further
toward a base end side 1n the X-axis direction than the

pilot body,

the connecting pipe portion 1s connected to an annular
body that i1s coupled and rotatable 1n the Y-axis direc-
tion orthogonal to the X-axis direction and the Z-axis
direction, and

the second body 1s connected to a cylindrical coupling
portion that 1s fitted to an outer periphery of the second
body and rotatable in the Z-axis direction and couples
a base end portion of the first body to the second body.
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